Abstract -The stability of resonance oscillations and rotations of a satellite in the plane of its orbit in the case when the difference of the moments of inertia with respect to the principal axes lying in the orbit plane is small is determined at a given rotation number m by the sign of function Φ m ( e ) , introduced by F.L. Chernous'ko in 1963. In this paper, convenient analytical representations of functions Φ m ( e ) are described in the form of integrals and series of Bessel functions regular at e 1 -. Values of Φ m (1) are calculated in explicit form. A theorem about the double asymptotic form of functions Φ m ( e ) at m ∞ and e 1 -is proved by the saddlepoint method. PACS numbers: 96.12.De
INTRODUCTION
Planar oscillations and rotations of a satellite around its center of mass, moving along an elliptic orbit with eccentricity e , is described by the Beletskii's equation [2, 3] :
Here, δ is the doubled angle between the radius vector of the center of mass and one of the axes of inertia of the satellite, µ = 3( A -C )/ B is the inertial parameter of the satellite; A and C are the moments of inertia of the satellite with respect to the axes of inertia lying in the orbit plane, and B is the moment of inertia with respect to the axis perpendicular to the orbit plane. The true anomaly ν is the independent variable. It is the angular distance of the radius vector from the pericenter of the orbit. Equation (*) was derived by V. V. Beletskii in 1956, and since then it was intensively studied, at first in connection with practical needs, and later in greater extent as an interesting model equation of a simple form. The review of the results obtained in 1960-1970 is presented in [33] and also in Chapter 5 of book [5] . At the end of this period one could think that analytical methods of the theory of perturbations and of the theory of branching families of solutions in relation to equation (*) are exhausted, and only its numerical investigation is possible in the future.
In the last decade A. D. Bruno and his followers, including the author, reached essential progress in understanding the global structure of the families of periodic and generalized-periodic solutions to equation (*).
A review of new achievements was presented in [9], further developments are described in [11] . An important part of the new stage was the creation of analytical and accurate numerical-analytical methods which allowed one to study generalized-periodic solutions to equation (*) at values of eccentricity e close to 1. From an applied point of view this region does not play a dominant role, in any case equation (*) does not take into account the factors which essentially influence the dynamics of celestial bodies moving along strongly elongated orbits. Nevertheless, the information related to the behavior of the families of solutions at e 1 -gives necessary coherence to the general picture. From a mathematical point of view, equation (*) is a specific and simplest in its class quasi-linear equation of second order on the torus ( ν mod2 π , δ mod2 π ). The coefficient of highest derivative in this equation degenerates at the isolated point ν = π at the limiting value of eccentricity e = 1. In the outward simplicity and clearance of its structure, equation (*) can be placed among a few widely known model equations of mathematical physics.
One can divide all created methods of analysis of equation (*) at e 1 -in two basic groups. The first group is regularization of the limiting equation by introduction of two different independent variables and subsequent gluing. In such a manner A.D. Bruno and V.P. Varin [10] discovered the properties of self-similarity and presented classification of some previously unknown families of solutions near e = 1. The methods of this group are applicable at any values of parameter µ . The second group is the perturbation theory developed by the author for a very special case e 1 -, µ 0 , which considers equation (*) as a perturbation of the linear equation with µ = 0 and is based on the analysis of behavior of the coefficients of the series of the perturbation theory at e 1 -. This "singular theory of averaging" gives more detailed results in a region which it encloses and allows one to obtain quantitative results not accessible before, and explicit formulas for the coefficients of the averaged equation at arbitrary values of eccentricity e ∈ (0, 1).
Till now the details of the singular theory of averaging were presented insufficiently in journal publications, although the main results were published. This paper is a revised version of preprint [16] . Since in [9, Section 5] and in the end of Section 4 of paper [10] there are some references to specific formulas from [16] , the enumeration of formulas in this paper is retained, although the number of enumerated formulas seems to be excessive. The main papers published in recent years on equation (*) are added to the list of references, as well as the total list of author's publications related to this subject.
In this paper we deal only with the first coefficient of the averaged equation and only with solutions with integer numbers of rotation. The calculation and analysis of the order of growth of the following coefficients at e 1 -and also generalization of the results to the case of rational numbers of rotation is presented in detail in author's preprints and in paper [30] . The results (without proofs) are presented in brief reviews [22] , [29] , and [32] . The possibilities of generalization of the method are also considered in [29] .
Let us note that in different papers discrete parameter m (also denoted as p or p / q ) of Chernous'ko function Φ m ( e ) is used in two different senses. In this paper m denotes the number of rotation in the orbital coordinate system, i.e., mathematically it is the number of rotation of the solution δ ( ν ) to equation (*). This designation is consistent with papers [30], [31] , and [9] , and has such advantage that the simplest type 1:1 of orbital-rotational resonance [5] corresponds to the value m = 0. In other works, including primary source [36] , in a prototype of this paper [16] , as well as in [32] and [5] , m designates the number of rotation in the absolute coordinate system; mathematically, it is the number of rotation of solution ϕ ( t ) to equation (1) (see below), m (conventional) = m (here) + 2. A representative of the family of functions { Φ m } identically equal to zero (see the end of Section 2) in conventional designations is Φ 0 , while in new ones it is Φ -2 .
DETERMINATION OF FUNCTIONS
AND REVIEW OF RESULTS If one changes independent variable ν (true anomaly) for variable t (mean anomaly) and changes the dependent variable as δ = ϕ -2 ν , equation (*) takes the following form
Variables ν and t are related by the expression (see [35] , Section 275, (14 2 ), (14 3 ), and (6 2 ))
The function t(ν) is strictly monotone, just as its inverse function, ν(t). Variables t and ν change by 2π during one rotation along the orbit. In particular, the difference t -ν as a function of variable t is 2π periodic.
When µ = 0, general solution to Eq. (1) has the form ϕ(t) = mt + ϕ 0 . If µ ≠ 0 is arbitrary, there exists a family of particular solutions ϕ(t) = mt + nπ with integer m and n. Now let us assume that |µ| Ӷ 1. We substitute m by m + 2 and consider the family of resonance modes ϕ = (m + 2)t + ⑀π + x, where m is an integer number, ⑀ = 0 or 1, and resonance detuning x is small. In this case, Eq. (1) is studied by the method of averaging which was first used for this problem by Chernous'ko [36] . Averaging leads to the following equation of mathematical pendulum 
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